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25 (54) [Title of tiie Invention] ORGANIC EL ELEMENT 

(57) [Abstiact] 

[Object] To provide an organic EL element which can be stably driven for a 

long period. 

[Structure] An organic EL element formed by sequentially stacking an anode, an 
30 organic light emitting layer, and a cathode is characterized in that an interface layer 
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made from an aromatic amine compound is provided between the organic light emitting 
layer and the cathode. 

[Effect] Light emission with luminance, which is sufficient in practical use, 

can be obtained at low driving voltage and a stable light emitting performance is shown 
5 for a long period. 
[Scope of Claim] 

[Claim 1] An organic EL element formed by sequentially stacking an anode, an 

organic light emitting layer, and a cathode, characterized in that an mterface layer made 
from an aromatic amine compound is provided between the organic light emitting layer 
10 and the cathode. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application Field] The present invention relates to an organic EL 
element, and in particular, relates to a thin-film device, which emits light when applying 
15 electric field to a light emitting layer made from an organic compound. 
[0002] 

[Conventional Art] As a thin-film electroluminescence (EL) element, an element 
in which Mn or a rare earth element (such as Eu, Ce, Tb, and Sm), which is a light 
emitting center, is doped into ZnS, CaS, SrS, or the like, which is II- VI group 
20 compound semiconductor of an inorganic material, has been conventionally used in 
general. However, an EL element manufactured using the above-mentioned inorganic 
material has the following problems: 

(1) alternating current drive is required (50 to 1,000 Hz); 

(2) high driving voltage (about 200 V); 

25 (3) full colorization is difficult (in particular, blue is difficult); and 

(4) cost of a peripheral driver circuit is high. 
[0003] However, in order to solve the above problems, development of an EL element 
using an organic thin film has been carried out in recent years. In particular, because 
of development of an organic EL element in which the type of an electrode is optimized 

30 to improve carrier injecting efficiency from the electrode to improve light emitting 
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efficiency and an organic hole transporting layer formed using aromatic diamine and a 
light emitting layer formed using an aluminum complex of 8-hydroxyquinoline are 
provided (Appl. Phys. Lett., vol. 51, p.p. 913, 1987), the light emitting efficiency is 
drastically improved as compared with a conventional EL element formed using a single 
5 crystal such as anthracene. 

[0004] Further, as an organic light emitting layer, high molecular materials such as 
poly(p-phenylenevinylene) (Nature, vol. 347, p.p. 539, 1990; Appl. Phys. Lett., vol. 61, 
p.p. 2,793, 1992); poly[2-methoxy,5-(2'-ethylhexoxy)-l,4-phenylenevinylene] (Appl. 
Phys. Lett., vol. 58, p.p. 1982, 1991; Thin Solid Films, vol. 216, p.p. 96, 1992; Nature, 

10 vol. 357, p.p. 477, 1992); and poly(3-alkylthiophene) (Jpn. J. Appl. Phys., vol. 30, p.p. 
Ll,938, 1991; J. Appl. Phys., vol. 72, p.p. 564, 1992) have been developed. An 
element in which a light emitting material and an electron transfer material are mixed in 
a high molecule such as polyvinylcarbazole (Applied Physics, vol. 61, p.p. 1,044, 1992) 
has also been developed. 

15 [0005] In such an organic EL element as shown above, a transparent electrode such as 
indium tin oxide (ITO) is generally used as an anode whereas a metal electrode having a 
low work ftmction is generally used as a cathode so as to inject electrons eflFiciently, and 
a magnesium alloy, calcium, or the like is used. A biggest problem of an organic EL 
element is duration of life. One of factors limiting the duration of life is generation of 

20 dark spots (which indicate non-light emitting portions of a light emitting portion of the 
element) derived from a cathode material. Therefore, in a case of saving an organic 
EL element for long time, the number and the size of dark spots inside the organic EL 
element are increased, thereby shortening duration of life of the organic EL element. 
[0006] 

25 [Problems to be Solved by the Invention] In an organic EL element, which has been 
already disclosed, EL emission is generated by recombination of holes injected from an 
anode and electrons injected from a cathode. Generally, in a case of injecting electrons 
as carriers, the electrons must be injected such that the electrons overcome an injection 
barrier in an interface between a cathode and an organic light emitting layer. In order 

30 to lower the electron injection barrier so as to improve injection efficiency, a metal 
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electrode having a low work function such as a magnesium alloy or calcium has been 
used as a cathode. However, since such a metal material is not well-adhered to an 
organic light emitting layer, the metal material is separated from the organic light 
emitting layer, and in forming or after forming the cathode over the organic light 
5 emitting layer by evaporation, a reaction is generated between a material of the cathode 
and a material of the organic light emitting layer. This results in deterioration in a light 
emitting characteristic or generation of dark spots of an element during a period of 
keepmg the element for long time. 

[0007] In view of the above circumstances, the present inventors keenly exammed to 
10 be intended to provide an organic El element, which can maintain a stable hght emitting 
characteristic for long time and prevent generation of dark spots. As a result of the 
examination, they found that it is preferable to provide an interface layer formed using 
an aromatic amme compound between an organic light emitting layer and a cathode, 
which results m completion of the present invention. 
16 [0008] 

[Means for Solving the Problem] That is, in an aspect of the present invention, an 
organic EL element is formed by sequentially stacking an anode, an organic light 
emitting layer, and a cathode, and an interface layer formed using an aromatic amine 
compound is provided between the organic light emitting layer and the cathode. The 
20 organic EL element of the present invention will be described below with reference to 
the attached drawings. 

[0009] FIG. 1 is a schematic cross sectional view showing a structural example of an 
organic EL element of the present invention. Reference numeral 1 represents a 
substrate, reference numerals 2a and 2b represent conductive layers, reference numeral 

25 3 represents an organic light emitting layer, and reference numeral 4 represents an 
mterface layer. The substrate 1 serves as a supporting body of the organic EL element 
of the present invention. As the substrate 1, a plate of quartz or glass, a metal plate, a 
metal foil, a plastic film, a sheet, or the like is used. A transparent synthetic resin 
substrate such as polyester, polymetaacrylate, polycarbonate, or polysulfone is 

30 preferable. 
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[0010] The conductive layer 2a is provided over the substrate 1. The conductive 
layer 2a is generally formed using metal such as aluminum, gold, silver, nickel, 
palladium, or tellurium; metal oxide such as oxide of indium and/or tin; copper iodide; 
carbon black; or a conductive high molecule such as poly(3-methylthiophene). The 
5 conductive layer is generally formed by sputtering, vacuum evaporation, or the like. In 
a case of using a fine metal particle such as silver, copper iodide, carbon black, a metal 
oxide fine particle having a conducting property, a fine powder of a conductive high 
molecule, or the like, the conductive layer can also be formed in such a way that the 
material is dispersed in an appropriate binder resin solution and the solution is applied 

10 to a surface of the substrate. Further, in a case of using a conductive high molecule, 
the conductive layer can also be formed m such a way that a thin film is directly formed 
on the substrate by electric field polymerization or by application (Appl. Phys. Lett., vol. 
60, p.p. 2,711, 1992). The above conductive layer can also be formed by stacking 
layers using different substances. The thickness of the conductive layer 2a is differed 

15 depending on its light transmitting property to be required. When a light transmitting 
property is required, transmittance of visible light is deskably 60% or more, and 
preferably 80% or more. In this case, tire thickness is generally set to be 50 to 10,000 
A, and preferably, about 100 to 5,000 A. 

[001 1 ] In a case where the conductive layer 2a may be opaque, it may be formed by the 
20 same material as the substrate 1 . Further, the above conductive layer can be formed by 
stacking different substances. In the example of FIG 1, the conductive layer 2a serves as 
an anode having a function of injecting holes. On the other hand, the conductive layer 2b 
serves as a cathode having a function of injecting electrons to the organic light emitting 
layer 3 through the interface layer 4. As a material used for the conductive layer 2b, the 
25 materials for the conductive layer 2a as described above can be used. In order to inject 
electrons efficiently, metal having a low work ftmction is preferable, and appropriate metal 
such as tin, magnesium, indium, aluminum, or silver, or an alloy thereof is used. The 
thickness of the conductive layer 2b is generally the same as that of the conductive layer 2a. 
Further, though not shown in FIG 1, a substrate, which is the same as the substrate 1, can 
30 be provided over the conductive layer 2b. Note that it is necessary for an EL element that 
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at least one of the conductive layers 2a and 2b has an excellent light transmitting property. 
Accordingly, it is desired that one of the conductive layers 2a and 2b preferably has the 
thickness of 100 to 5,000 A so as to have an excellent light transmitting property. 
[0012] The organic light emitting layer 3 is provided over the conductive layer 2a. 
5 The organic light emitting layer 3 is formed by using a material in which between the 
electrodes applied with electric field, holes injected from tlie anode and electrons 
injected fi-om the cathode are efficiently transported to be recombined and light is 
efficiently emitted by the recombination. In order to improve light emitting efficiency, 
the organic light emitting layer 3 is generally divided into a hole transporting layer 3a 
10 and an electron transporting layer 3b as shown in FIG. 2 so that the organic light 
emitting layer has divided fiinctions (Appl. Phys. Lett., vol. 51, p.p. 913, 1987). 
[0013] 

In the above-mentioned functional separation type element, a hole transporting 
material is necessary to be a material having high hole injecting efficiency from the 

15 conductive layer 2a and being capable of efficiently transporting uijected holes. 
Therefore, it is required that the hole transporting material has low ionization potential 
and high hole mobility along with excellent stability, in which an impurity, which 
becomes a trap, is not easily generated in manufacturing or in use. 
[0014] As such a hole transporting compound, for example, aromatic amine 

20 compounds disclosed in the 13* to 14* sections of Japanese Patent Application 
Laid-open No. S59-194393 and US Patent No. 4,175,960 such as 
N,N'diphenyl-N,N'-(3-methylphenyl)-l,r-biphenyl-4,4'-diamine; 

l,r-bis(4-di-p-tolylaminophenyl)cyclohexane; and 
4,4'-bis(diphenylamino)quadrophenyl; a hydrazone compound disclosed in Japanese 

25 Patent Application Laid-Open No. H2-3 11591; a silazane compound disclosed in US 
Patent No. 4,950,950; and the like can be given. These compounds may be 
mdependently used or each of them may be used by mixing with each compound, if 
required. In addition to the above mentioned compounds, high molecular materials 
such as polyvinylcarbazole and polysilane (Appl. Phys. Lett., vol. 59, p.p. 2,760, 1991) 

30 can be given. 
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[0015] A hole transporting layer 3a is formed by stacking the above-mentioned 
organic hole transporting material over the conductive layer 2a by application or 
vacuum evaporation. In the case of application, an application solution in which an 
additive such as a binder resin, which does not become a trap of holes, or an application 
5 improver, e.g., a leveling agent or the like, is added and dissolved in one or more kinds 
of organic hole transporting compounds, is controlled. The controlled application 
solution is applied to the surface of the conductive layer 2a by a method such as spin 
coating, and then is dried to form the organic hole transporting layer 3. As the binder 
resm, polycarbonate, polyarylate, polyester, and the like can be given. When the 
10 binder resin is added with too much additive, hole mobility is reduced, and therefore, 
the amount of an additive is desirably low as much as possible and is preferably set to 
be 50 weight% or less. 

[0016] In the case of the vacuum evaporation, an organic hole transporting material is 
put in a crucible installed in a vacuum container, and tiie vacuum container is evacuated 

15 by an appropriate vacuum pump such that the pressure is reduced to be 10"^ Torr. 
Thereafter, the crucible is heated and the hole transporting material is evaporated to 
form a layer over a substrate placed to face the crucible. The thickness of the hole 
transporting layer 3a is generally 100 to 3,000 A, and preferably, 300 to 1,000 A. To 
uniformly form a thin film like this, vacuum evaporation is usually employed. 

20 [0017] As a material of the hole transporting layer 3 a, an inorganic material can be used 
instead of an organic compound. An inorganic material is required to have the same 
condition as an organic hole transportuig compound. As an inorganic material used for 
the hole transporting layer 3, p-type hydrogenated amorphous silicon, p-t>'pe hydrogenated 
amorphous silicon carbide, p-type hydrogenated microcrystalline silicon carbide, p-type 

25 zinc sulfide, p-type zinc selenide, and the like can be given. An inorganic hole 
transporting layer made from these materials is formed by CVD, plasma CVD, vacuum 
evaporation, sputtering, or the like. 

[0018] The thickness of the inorganic hole transporting layer is generally 100 to 3,000 A, 
and preferably, 300 to 1,000 A as well as the organic hole transporting layer. An electron 
30 transporting layer 3b is formed over the hole transporting layer 3a. The electron 
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transporting layer 3b is formed of a compound, which can eflSciently transport electrons 
toward the hole transporting layer from the cathode between electrodes applied with an 
electric field. 

[0019] As an organic electron transporting compound, a compound, which has high 
5 mjecting efficiency of electrons from the conductive layer 2b and can efficiently transport 
the injected electrons, is requked. Therefore, such a compound is required to be a 
. compound having high electron affinity and high electron mobility along with excellent 
stability, in which an impurity, which becomes a trap, is not easily generated in 
manufacturing or in use. 

10 [0020] As a material satisfying these conditions, an aromatic compound such as 
tetraphenyl butadiene (Japanese Patent Application Laid-OpenNo. Sho 57-51781); a metal 
complex such as an aluminum complex like 8-hydroxyquinoline (Japanese Patent 
Application Laid-Open No. S59-1 94393); a cyclopentadiene derivative (Japanese Patent 
Application Laid-Open No. H2-289675); aperinon derivative (Japanese Patent Application 

15 Laid-open No. H2-289676); an oxadiazole derivative (Japanese Patent Application 
Laid-Open No. H2-2 16791); a bis-styrylbenzene derivative (Japanese Patent Application 
Laid-Open Nos. HI -245087 and H2-222484); a perylene derivative (Japanese Patent 
Application Laid-Open Nos. H2-1 89890 and H 3-791); a coumarm compound (Japanese 
Patent Application Laid-Open Nos. H2-191694 and H3-792); a rare earth complex 

20 (Japanese Patent Application Laid-Open No. Hl-256584); a distyrylpyrazine derivative 
(Japanese Patent Application Laid-Open No. H2-252793); a p-phenylene compound 
(Japanese Patent Application Laid-Open No. H3-33183); a thiadiazolopyridine derivative 
(Japanese Patent Application Laid-Open No. H3-37292); a pyrrolopyridine derivative 
(Japanese Patent Application Laid-Open No. H3-37293); a naphthyridine derivative 

25 (Japanese Patent Application Laid-Open No. H3-203982); and the like can be given. 

[0021] An organic electron transporting layer using such a compound serves to transport 
electrons and emit light upon recombination of holes and electrons. The organic electron 
transporting layer also serves as a light emitting layer. When an organic hole transporting 
compound has a light emitting function, the organic electron transporting layer only serve 

30 to transport electrons. 
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[0022] In order to change color of light emission along with improvement of light 
emitting efficiency of an element, for example, it is performed that an aluminum complex 
of 8-hydroxyquinoline which is a host material is doped with a fluorescent dye for a laser 
such as coumarin (J. Appl. Phys., vol. 65, p.p. 3,610, 1989). In the present invention, 
5 when liie above-mentioned organic electron transporting material is used as a host material 
and various kinds of fluorescent dyes are doped in the host material at 10"^ to 10 mol%, a 
light emitting characteristic of an element can be fiather improved. The thickness of the 
electron transporting layer 3b is generally 100 to 2,000 A, and preferably, 300 to 1,000 A. 
[0023] Although the organic electron transporting layer can also be formed by the same 

10 method as the organic hole transporting layer, the organic electron transporting layer is 
generally formed by vacuum evaporation. As a method for further improving light 
emitting efficiency of an organic EL element, it is considered that another electron 
transporting layer 3c is flirther stacked on the electron transporting layer 3b (see FIG 3). 
As a compound used for the electron transporting layer 3c, a compound having further 

15 strong electron transporting ability, to which electrons from the cathode are easily injected, 
is required. As such an electron transporting material, the following materials can be 
given: 
[0024] 

[Chemical formula 1] 

20 [0025] an oxadiazole derivative such as the chemical formula 1 (Appl. Phys. Lett., vol. 
55, p.p. 1,489, 1989); a system in which the oxadiazole derivative is dispersed in a resin 
such as PMMA (Appl. Phys. Lett., vol. 61, p.p. 2,793, 1992); n-type hydrogenated 
amorphous silicon carbide; n-type zinc sulfide; n-type zinc selenide; and the like. The 
thickness of the electron transporting layer 3c is generally 50 to 2,000 A, and preferably, 

25 100 to 1,000 A. 

[0026] Further, as a material of a single-layer type organic light emitting layer 3 having a 
smgle function, there are high molecular materials such as the above-mentioned 
poly(p-phenylenevinylene) (Nature, vol. 347, p.p. 539, 1990; Appl. Phys. Lett., vol. 61, p.p. 
2,793, 1992), poly[2-methoxy, 5-(2'-ethylhexoxy)-l,4-phenylenevinylene] (Appl. Phys. 
30 Lett., vol. 58, p.p. 1982, 1991; Thin Solid Films, vol. 216, p.p. 96, 1992; Nature, vol. 357, 
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p.p. 477, 1992), and poly(3-alkylthiophene) (Jpn. J. Appl. Phys. vol. 30, p.p. Ll,938, 1991; 
J. Appl. Phys. vol. 72, p.p. 564, 1992); and a system in which a light emitting material and 
an electron transporting material are mixed in a high molecule such as polyvinyl carbazole 
(Applied Physics, vol. 61, p.p. 1,044, 1992). 
5 [0027] An interface layer 4 is formed over the organic light emitting layer. As roles of 
the interface layer, it can be given that interface layer 4 have an affinity to the organic light 
emitting layer, good adhesion to the cathode, chemical stability, and an effect of preventing 
reaction between the organic light emitting layer and the cathode in and/or after forming 
the cathode. Further, it is important that the interface layer have an even thin-film shape 

10 from the viewpoint of adhesion with the cathode. The present inventors found out that an 
aromatic amine compound is preferable as a material having such roles. 
[0028] The interface layer made from an aromatic amine compound is formed by 
application or vacuum evaporation as well as the above described organic hole transporting 
material. In the present invention, as set forth above, by using an aromatic amine 

15 compound as a material of the interface layer between the organic hght emitting layer and 
the cathode of the organic EL element, excellent stability of the element can be achieved. 
[0029] As preferable aromatic amine compounds, compounds represented by the 
following general formulas (I) to (V) can be given: 
[0030] 

20 [Chemical formula 2]: general formula (I) 

[0031] (in the general formula (1), A represents a divalent hydrocarbon residue, which 
may have a substituent, or a direct binding. Each of R', R^, R^, and R'* represents a 
substituted or unsubstituted alky! group, a substituted or unsubstituted cycloalkyl group, a 
substituted or unsubstituted alkenyl group, a substituted or unsubstituted aryl group, or an 

25 aralkyl group, and R\ R^ R^, and R"* may be identical to or different from one another. 
Each of and R^ represents a hydrogen atom, a halogen atom, a hydroxyl group, a 
substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a 
substituted or unsubstituted alkenyl group, a substituted or unsubstituted aryl group, a 
substituted or unsubstituted aralkyl group, a substituted or imsubstituted alkoxy group, a 

30 substituted or unsubstituted dialkylamino group, or a substituted or unsubstituted 
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diarylamino group.) 
[0032] 

[Chemical formula 3]: general formula (11) 

[0033] (in the general formula (II), each of R^, and represents a substituted or 

5 unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or 
unsubstituted alkenyl group, a substituted or unsubstituted aryl group, or an aralkyl group, 
and R', R*, R^ and R^" may be identical to or different from one another. Each of R'^ and 
R^^ represents a hydrogen atom, a halogen atom, or a hydroxyl group. Alternatively, each 
of R" and R^^ represents a saturated or unsaturated aliphatic hydrocarbon group, an 
10 aromatic hydrocarbon group, an alkoxy group, an aryloxy group, a dialkylamino group, or 
a diarylamino group, which may individually have a substituent. X represents a divalent 
hydrocarbon residue, which may have a substituent.) 
[0034] 

[Chemical formula 4] : general formula (III) 

15 [0035] (in the general formula (III), each of R'^ R'", R'^ and R*^ represents a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted 
or unsubstituted alkenyl group, a substituted or unsubstituted aryl group, or an arallq^l 
group. R'^, R^^ R^^ and R'^ may be identical to or different from one another. Each of 
R^' and R^* represents a hydrogen atom, a halogen atom, or a hydroxyl group. 

20 Alternatively, each of R'^ and R'* represents a saturated or unsaturated aliphatic 
hydrocarbon group, an aromatic hydrocarbon group, an alkoxy group, an aryloxy group, a 
dialkylamino group, or a diarylamino group, which may individually have a substituent. 
Y and Z individually represent a divalent hydrocarbon residue, which may have a 
substituent, or a direct binding. Y and Z may be identical to or different from each other.) 

25 [0036] 

[Chemical formula 5]: general formula (TV) 

[0037] (in the general formula (TV), B represents a trivalent hydrocarbon residue, which 
may have a substituent, or a nitrogen atom. A plurality of R^^ individually represent a 
substituted or xmsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a 
30 substituted or unsubstituted alkenyl group, a substituted or unsubstituted aryl group, or an 
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aralkyl group. The plurality of R'^ may be identical to or different from one another. A 
plurality of individually represent a hydrogen atom, a halogen atom, a hydroxyl group, 
a substitiited or unsubstituted alkyl group, a substituted or unsubstituted cycloallcyl group, 
a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aryl group, a 
5 substituted or unsubstituted aralkyl group, a substituted or unsubstituted alkoxy group, a 
substituted or unsubstituted dialkylamino group, or a substituted or unsubstituted 
diarylamino group.) 
[0038] 

[Chemical formula 6] : general formula (V) 

10 [0039] (in the general formula (V), D represents a trivalent hydrocarbon residue, which 
may have a substituent, or a nitrogen atom. A plurality of R^^ individually represent a 
substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a 
substituted or unsubstituted allcenyl group, a substituted or unsubstituted aryl group, or an 
aralkyl group. The plurality of R^' may be identical to or different from one another. A 

15 plurality of R^^ individually represent a hydrogen atom, a halogen atom, a hydroxyl group, 
a substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, 
a substituted or unsubstituted alkenyl group, a substituted or unsubstituted aryl group, a 
substituted or unsubstituted aralkyl group, a substituted or unsubstituted alkoxy group, a 
substituted or unsubstituted dialkylamino group, or a substituted or unsubstituted 

20 diarylamino group.) In the general formula (I), A preferably represents an alkylene group, 
which may have a substituent such as -CH?-, -CH2-CH2-, or -CH2CH2CH2-; a 
cycloalkylene group such as a cyclohexylene group; an alkenylene group, which may have 
a substituent such as -CH=CH-, -C(CH3)=CH-, -CH2-CH=CH-CH2-, or 
-CH=CH-CH=CH-; an arylene group, which may have a substituent, such as a phenylene 

25 group, a naphthylene group, and a phenanthlene group; or a direct binding. Each of r\ 
R^, R'', and R'* represents an alkyl group, which may have a substituent, such as a methyl 
group, an ethyl group, a propyl group, a butyl group, and a hexyl group; a cycloalkyl group 
such as a cyclohexyl group; an alkenyl group such as a vinyl group; a phenyl group, which 
may have a substituent, such as an alkyl group, an alkoxy group, a halogen atom, an amino 

30 group, and an aryl group; an aryl group such as a naphthyl group; or an aralkyl group such 
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as a benzyl group, a naphthylmethyl group, and a phenethyl group. R^ and R"* 

may be identical to or different from one another. Each of R^ and R^ represents an alkyl 
group, which may have a substituent such as a hydrogen atom, a halogen atom, and a 
hydroxyl group, such as a methyl group, an ethyl group, a propyl group, a butyl group, and 
5 a hexyl group; a cycloalkyl group such as a cyclohexyl group; an alkenyl group such as a 
vinyl group; a phenyl group, which may have a substituent such as an alkyl group, an 
alkoxy group, a halogen atom, an amino group, and an aryl group; an aryl group such as a 
naphthyl group; an aralkyl group such as a benzyl group, a naphthylmethyl group, and a 
phenethyl group; an alkoxy group such as a methoxy group, an ethoxy group, and a butoxy 
10 group; a dialkylamino group such as a dimethylamino group and a diethylamino group; 
and a diarylamino group such as a dibenzyiamino group and a diphenylamino group. R^ 
and R^ may be identical to or different from each other. 

[0040] Next, main specific examples of compounds represented by the general formula 
(I) are shown in Table 1 and Table 2 below; however, compounds represented by the 
15 general formula (I) are not limited thereto. 
[0041] 
[Table 1] 
[0042] 
[Table 2] 

20 [0043] In the general formula (II), it is preferable that each of R^ R^ R^, and R'° 
represent an alk>'l group, which may have a substituent, such as a methyl group, an ethyl 
group, a propyl group, a butyl group, and a hexyl group; a cycloalkyl group such as a 
cyclohexyl group; an alkenyl group such as an allyl group; a phenyl group, which may 
have a substituent, such as an alkyl group, an alkoxy group, a halogen atom, an amino 

25 group, and an aryl group; an aryl group such as a naphthyl group; or an aralkyl group such 
as a benzyl group, a naphthylmethyl group, and a phenethyl group. R^, R*, R^, and R^° 
may be identical to or different from one another. Each of R" and R'^ represents an alkyl 
group, which may have a substituent such as a hydrogen atom, a halogen atom, and a 
hydroxyl group, such as a methyl group, an ethyl group, a propyl group, a butyl group, and 

30 a hexyl group; a cycloalkyl group such as a cyclohexyl group; an alkenyl group such as a 



English translation of JP H6-267658 
vinyl group; a phenyl group, which may have a substituent, such as an alkyl group, an 
alkoxy group, a halogen atom, an amino group, and an aryl group; an aryl group such as a 
naphthyl group; an aralkyl group such as a benzj ] group, a naphthyknethyl group, and a 
phenethyl group; an alkoxy group such as a methoxy group, an ethoxy group, and a butoxy 
5 group; a dialkylamino group such as a dimethylamino group and a diethylamino group; 
and a diarylamino group such as a dibenzylamino group and a diphenylamino group. 
and R'^ may be identical to or different from each other. X represents a divalent 
hydrocarbon residue such as a methylene group, a propylene group, a xylene group, a 
cycloxylene group, a vinylene group, a phenylene group, and -CO-, and each of them may 
10 have a substituent such as a halogen atom, a hydroxyl group, a saturated or unsaturated 
hydrocarbon group, an alkoxy group, an aryloxy group, a dialkylamino group, and a 
diarylamino group. 

[0044] Next, main specific examples of compounds represented by the general formula 
(II) are shown in Table 3 and Table 4 below; however, compounds represented by the 
15 general formula (II) are not Umited thereto. 
[0045] 
[Table 3] 

* Ortho-position with respect to amino group. 

[0046] 
20 [Table 4] 

[0047] hi the general formula (III), it is preferable that each of R^^ R", R^^ and R'^ 
represent an alkyl group, which may have a substituent, such as a methyl group, an ethyl 
group, a propyl group, a butyl group, and a hexyl group; a cycloalkyl group such as a 
cyclohexyl group; an alkenyl group such as an allyl group; a phenyl group, which may 

25 have a substituent such as an alkyl group, an alkoxy group, a halogen atom, an amino 
group, and an aryl group; an aryl group such as a naphthyl group; or an aralkyl group such 
as a benzyl group, a naphthylmethyl group, and a phenethyl group. R'^, R*'', R^^, and R"" 
may be identical to or different from one another. Each of R" and R'^ represents an alkyl 
group, which may have a substituent such as a hydrogen atom, a halogen atom, and a 

30 hydroxyl group, such as a methyl group, an ethyl group, a propyl group, a butyl group, and 
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a hexyl group; a cycloalkyi group such as a cyclohexyl group; an alkenyl group such as a 
vinyl group; a phenyl group, which may have a substituent such as an alkyl group, an 
alkoxy group, a halogen atom, an amino group, and an aryl group; an aryl group such as a 
naphthyl group; an aralkyl group such as a benzyl group, a naphthyhnethyl group, and a 
5 phenethyl group; an alkoxy group such as a methoxy group, an ethoxy group, and a butoxy 
group; a diaUcylamino group such as a dimethylamino group and a diethylamino group; or 
a diarylamino group such as a dibenzylamino group and a diphenylamino group. R'' and 
R'* may be identical to or different from each other. Each of Y and Z represents a 
divalent hydrocarbon residue such as a methylene group, a propylene group, a xylene 
10 group, a cycloxylene group, a vinylene group, and a phenylene group; or a direct bmding. 
Each of them may have a substituent such as a halogen atom, a hydroxyl group, a saturated 
or unsaturated hydrocarbon group, an alkoxy group, an aryloxy group, a dialkylamino 
group, and a diarylamino group. 

[0048 1 Next, a main specific example of a compound represented by the general formula 
15 (III) is shown in Table 5 below; however, a compound represented by the general formula 
(III) is not limited thereto. 
[0049] 
[Table 5] 

* Ortho-position with respect to amino group. 

20 [0050] In the general formula (IV), it is preferable that B represent -CH=; a benzene 
residue with the exception of a hydrogen atom in the 1-, 3-, and 5-positions; a cyclohexane 
residue with the exception of a hydrogen atom in the 1-, 3-, and 5-positions; or a nitrogen 
atom. The plurality of R'^ individually represent an alkyl group, which may have a 
substituent, such as a methyl group, an ettiyl group, a propyl group, a butyl group, and a 

25 hexyl group; a cycloalkyi group such as a cyclohejq'l group; an alkenyl group such as a 
vinyl group; a phenyl group, which may have a substituent such as an alkyl group, an 
alkoxy group, a halogen atom, an ammo group, and an aryl group; an aryl group such as a 
naphthyl group; or an aralkyl group such as a benzyl group, a naphthylmethyl group, and a 
phenethyl group. The plurality of R^° individually represent an alkyl group, which may 

30 have a substituent such as a hydrogen atom, a halogen atom, and a hydroxyl group, such as 
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a methyl group, ati ethyl group, a propyl group, a butyl group, and a hexyl group; a 
cycloalkyi group such as a cyclohexyl group; an alkenyl group such as a vinyl group; a 
phenyl group, which may have a substituent such as an alkyl group, an alkoxy group, a 
halogen atom, an amino group, and an aryl group; an aryl group such as a naphthyl group; 
5 an aralkyl group such as a benzyl group, a naphthylmethyl group, and a phenethyl group; 
an alkoxy group such as a methoxy group, an ethoxy group, and a butoxy group; a 
dialkylamino group such as a dunethylamino group and a diethylamino group; or a 
diarylamino group such as a dibenzylammo group and a diphenylamino group. 
[0051] Next, a main specific example of a compound represented by the general formula 
10 (TV) is shown in Table 6 below; however, a compound represented by the general formula 
(TV) is not limited thereto. 
[0052] 
[Table 6] 

* Ortho-position with respect to amino group. 

15 [0053] In the general formula (V), it is preferable that D represent -CH=; a benzene 
residue with the exception of a hydrogen atom in the 1-, 3-, and 5-positions; a cyclohexane 
residue with the exception of a hydrogen atom in the 1-, 3-, and 5-positions; or a nitrogen 
atom. The plurality of R^^ individually represent an alkyl group, which may have a 
substituent, such as a methyl group, an ethyl group, a propyl group, a butyl group, and a 

20 hexyl group; a cycloalkyi group such as a cyclohexyl group; an alkenyl group such as a 
vinyl group; a phenyl group, which may have a substituent such as an alkyl group, an 
alkoxy group, a halogen atom, an amino group, and an aryl group; an aryl group such as a 
naphthyl group; and an aralkyl group such as a benzyl group, a naphthylmethyl group, and 
a phenethyl group. The plurality of individually represent an alkyl group, which may 

25 have a substituent such as a hydrogen atom, a halogen atom, and a hydroxyl group, such as 
a methyl group, an ethyl group, a propyl group, a butyl group, and a hexyl group; a 
cycloalkyi group such as a cyclohexyl group; an alkenyl group such as a vinyl group; a 
phenyl group, which may have a substituent such as an aJkyl group, an alkoxy group, a 
halogen atom, an amino group, and an aryl group; an aryl group such as a naphthyl group; 

30 an aralkyl group such as a benzyl group, a naphthylmethyl group, and a phenethyl group; 
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ail alkoxy group such as a methoxy group, an ethoxy group, and a butoxy group; a 
dialkylamino group such as a dimethylamino group and a diethylamino group; and a 
diarylamino group such as a dibenzylamino group and a diphenyl amino group. 
[0054] Next, a main specific example of a compound represented by the general formula 
5 (V) is shown in Table 7 below; however, a compound represented by the general formula 
(V) is not limited thereto. 
[0055] 
[Table 7] 

* Ortho-position with respect to amino group 

10 [0056] 

When the above-mentioned aromatic amine compounds are used to form the 
interface layer, the aromatic amine compounds may be further mixed with each other. As 
an organic EL element of the present invention having the mterface layer made from the 
aromatic amine compound, layer structures as shown below can be given: 
15 [0057] 
[Table 8] 

an anode/ an organic light emitting layer/ an interface layer/ and a cathode; 
an anode/ an organic hght emitting layer made from a high molecule/ an interface 
layer/ and a cathode; 

20 an anode/ an organic light emitting layer dispersed in a high molecule/ an 

interface layer/ and a cathode; 

an anode/ a hole transporting layer/ an organic light emitting layer having an 
electron transporting property/ an interface layer/ and a cathode; 

an anode/ an organic light emitting layer havmg a hole transporting property/ an 
25 organic electron transporting layer/ an mterface layer/ and a cathode; 

an anode/ a hole fransportmg layer/ an organic light emittmg layer having an 
electron transporting property/ an interface layer/ and a cathode; and 

an anode/ a hole transporting layer/ an organic light emitting layer having an 
electron transporting property/ an electron transporting layer/ an interface layer/ and a 
30 cathode. 
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The thickness of the interface layer 4 is generally set to be 20 to 1,000 A, and 
preferably, 50 to 300 A. 

[0058] In the present invention, by using an aromatic diamine compound as a material of 
an interface layer sandwiched between an organic light emitting layer and a cathode of an 
5 organic EL element as shown above, excellent element stability can be achieved. Note 
that it is possible to employ a reversed structure of FIG 1, and that is, the conductive layer 
2b, the interface layer 4, the organic light emitting layer 3, and the conductive layer 2a may 
be sequentially stacked over the substrate. As described above, the organic EL element of 
the present invention can be provided between two substrates in which at least one of the 
10 two substrates has a high light transmitting property. Similarly, the structures as shown in 
FIG 2 and FIG 3 can be reversely stacked. 
[0059] 

[Embodiment] Next, the present invention will be described in more detail in the 
embodiments; however, the present invention is not limited to descriptions of the 
15 embodiments without departing from the scope of the present invention. 
Embodiment 1 

An organic EL element having the structure shown in FIG 2 was manufactured in 
the following manner. 

[0060] A glass substrate over which an indium tin oxide (ITO) transparent conductive 
20 film was deposited with a thickness of 1,200 A was subjected to ultrasonic cleaning with 
acetone, and then was washed with pure water The glass substrate was fiuther subjected 
to ultrasonic cleaning with isopropyl alcohol, dried with dry nitrogen, and then, subjected 
to UV/ozone cleaning. Thereafter, the glass substrate was put in a vacuum evaporation 
apparatus and the vacuimi evaporation apparatus was evacuated by using an oil diffiision 
25 pump such that the vacuum degree inside the apparatus was set to be 2 x lO"^ Torr or less. 
[0061] As a material of an organic hole transporting layer, the aromatic amme compound 
(2) shown in the Table 1 
[0062] 

[Chemical formula 7] (2) 
30 [0063] was put in a ceramic crucible, and the crucible was heated with a tantalum wu'e 
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heater around the crucible to perform evaporation. The temperature of the crucible at this 
time was controlled in a range of 160 to 170°C. The vacuum degree in evaporation was 
2x10"*' Terr and an evaporation time was set to be 3 minutes 20 seconds so as to obtain 
an organic hole transporting layer 3 a having a thickness of 600 A. Subsequently, as a 
5 material of an organic electron transporting layer 3b, an 8-hydroxyquinoline complex of 
aluminum and Al(C9H6NO)3 (El) were evaporated over the organic hole transporting 
layer 3 a in the same manner. At this moment, the temperature of a crucible was 
controlled in a range of 230 to 270°C. The vacuum degree in evaporation was 2x10"^ 
Torr, the evaporation time was 3 minutes 30 seconds, and a film thickness was 750 A. 

10 Tliis layer served as a light emitting layer. 

[0064] Next, as an interface layer 4, the above described aromatic amine compound (2) 
was evaporated over the organic light emitting layer 3b having an electron transporting 
property in the same mamier as the organic hole transporting layer 3a. The vacuum 
degiee in evaporation was 2x10"^ Torr, the evaporation time was 1 minute, and a film 

15 thickness was 150 A. Finally, as a cathode; an alloy electrode including magnesium and 
silver was formed with a thickness of 1,500 A by binary co-evaporation. When 
molybdenum boat was used for evaporation, the vacuum degree was 3x10'^ Torr, and the 
evaporation time was 4 minutes 30 seconds, a glossy fihn was obtained. An atom ratio 
between magnesium and silver was set to be 10 : 1.5. 

20 [0065] Results of light emitting characteristics of the organic EL element manufactured 
in such a mamier, which were measured by applying direct voltage so that the ITO 
electrode (an anode) is positive and the magnesium-silver alloy electrode (a cathode) is 
negative, were shown in Table 8. This element showed uniform yellow-green Ught 
emission, and had a peak wavelength of 560 nm of light emission. Results of light 

25 emitting characteristics, which were measured after the element was kept in vacuum, are 
shown in Table 8. As an area of dark spots, after taking light emission from the element 
by a CCD camera, the light emission was quantified by image analysis to obtain a value of 
the area of the dark spots. 
[0066] Comparative Example 1 

30 An organic EL element having the stmcture as shown in FIG 2 was manufactured 
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in the same manner as Embodiment 1 with the exception that the interface layer 4 was not 
provided. Measurement results of light emitting characteristics of the element after 
manufacturing the element and after keeping it in vacuum were shown in Table 8. It was 
obvious that dark spots were generated. 
5 [0067] 

[Table 9]: Table 8 



Element 


Measurement 


Light emitting efficiency 


VlOO 


Dark spot 




condition 


[Im/W] 


[V] 


[%] 


Embodiment 1 


Immediately after 










manufacturing 


0.98 


12 


0.0 




62 days after 


0.78 


13 


1.2 


Comparative 


Immediately after 








Example 1 


manu&cturing 


1.14 


11 


0.0 




62 days after 


0.90 


14 


40.0 



• light emitting efficiency is a value by practical luminance (100 cd/m^). 



• Vioo = voltage by which luminance becomes 1 00 [cd/m^]. 
10 [0068] Embodiment 2 

An element was manufactured in the same manner as Embodiment 1 with the 
exception that an interface layer 4 was formed using the following aromatic amine 
compound (24) shown in the Table 4 as substitute for the aromatic amine compound (2) 
and a thickness of the interface layer was set to be 100 A. Lihgt emitting characteristics 
15 of this element were shown in Table 9. 
[0069] 

[Chemical Formula 8] (24) 

[0070] 

[Table 10]: Table 9 
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Element 


Measurement 


Light emitting efficiency 


VlOO 


Darlc spot 




condition 


[Im/W] 


[V] 


[%] 


Embodiment 2 


Immediately after 










manufacturing 


1.11 


9 


0.0 




62 days after 


1.17 


9 


5.0 



[0071] 

[Effect of the Invention] According to an organic EL element of the present invention, 
since an anode, an organic Ught emitting layer, an interface layer, and a cathode are 

5 sequentially stacked over a substrate and a specific compound is used for the interface 
layer, when voltage is applied to both conductive layers as the electrodes, stable light 
emitting characteristics can be obtamed for a long period. 

[0072] Therefore, it is thought that an EL element of the present invention is applicable 

to a field of a flat panel display (for example, a display for an OA computer or a 
10 wall-hanging television), a light source, which utilizes a feature as a plane light emitting 

body (for example, a light source of a copying machine and a backlight source for a liquid 

crystal display or instruments), a sign board, and a marker light, and a technical value of 

the EL element is high. 

[Brief Description of the Drawings] 
15 [FIG 1]: FIG. 1 is a schematic cross sectional view showing one example of an organic EL 

element of the present invention. 

[FIG 2]: FIG. 2 is a schematic cross sectional view showing another example of an organic 
EL element of the present invention. 

[FIG 3]: FIG 3 is a schematic cross sectional view showing another example of an organic 
20 EL element of the present invention. 

[Description of Reference Numerals] 

Reference numeral 1 represents substrate, reference numerals 2a and 2b represent 
conductive layers, reference numeral 3 represents an organic light emitting layer, reference 
25 numeral 3a represents a hole transporting layer, reference numeral 3b represents an organic 
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electron transporting layer, reference numeral 3c represents an organic electron 
transporting layer made of a compound different from 3b, and reference numeral 4 
represents an interface layer. 
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